A simple and quantitative method for the modification of sialic acid carboxyl group in ganglioside is described. moved faster than the original gangliosides, but slower than the corresponding methyl esters of gangliosides. They gave pink-yellow color with resorcinol reagent. Both the reaction products were essentially free of the starting materials and other by-products when chromatographed on TLC.
When yields of the products from GM, were estimated by hexose assay, those were 91 % and 83% for the methyl ester of GM, and reduced GM, respectively.
Infrared Spectra-The methyl ester of GM, clearly indicated the absorption at 1750cm-1 due to carboxyl-ester linkage. No absorption was observed in this region in the spectra of the reduced ganglioside or the original ganglioside (Fig. 2) .
Secondary Ion Mass Spectra-Spectra of the modified GM2 indicated the shift of quasimolec ular ion by 14 mass units from the original GM2 (M+Na)+ 1406 (Fig. 2 in Ref. 14) to 1420 in the methyl ester of GM2 (Fig. 3A) and to 1392 in reduced GM, (Fig. 3B) respectively. In all spectra, asialo fragment ion was shown at m/z 1115, indicating the change of chemical structure by the modification was limited to only the sialic acid moiety.
Sugar Components-The sugar composition of the methyl ester of ganglioside determined by GLC after the methanolysis with 1N HCl in methanol at 100°C for 3 h was the same as that of original ganglioside, whereas the reduced ganglioside showed neither a sialic acid peak nor any other peak due to the sialic acid derivatization on GLC. of 2,7-anhydro-N-acetylnonulosamine reported by Gross et a!. (16) . This reduced sialic acid was easily cleaved from gangliosides with weak acid: For example, when the reduced ganglioside was heated with Dowex 50 (H+) in methanol at 75°C for 40 min, it was converted completely to asialo ganglioside (checked by TLC).
Biological Reactivities of Modified Gangliosides Immunochemical Nature-The titers of antisera against the intact and modified gangliosides are presented in Table I . Reduced GM, raised high -titer antisera in rabbit, though GM, and methyl ester of GM, could not produce high-titer antisera. Anti-reduced GM, serum reacted with the methyl ester of GM, and asialo GM, weakly, but did not react with GM, or the other glycolipids tested. The same result was also shown in double diffusion (Fig. 6) . Anti-reduced GM, serum formed a sharp precipitin line with reduced GM,. It also gave a broad, weak precipitin line with the methyl ester of GM, and asialo GM,; however, these precipitin lines did not fuse with that of reduced GM1.
Reactivities of Peanut Agglutinin and Cholera Toxin-Peanut agglutinin, which is specific for asialo GM, also reacted with the modified GM, as indicated in Table II . It scarcely reacted with GM,, but reacted with the methyl ester of GM, and reduced GM1. The same result was also shown in double diffusion (Fig. 7) . Center well, anti-reduced GM, rabbit antiserum (undiluted); 1 and 4, reduced GM,; 2, GM,; 3 and 6, methyl ester of GM,; 5, asialo GM,. Glycolipid samples (15 jig/well) were dissolved in phosphate-buffered saline containing 0.1% sodium deoxycholate.
Precipitation was allowed to occur for about 18 h at room temperature. 
DISCUSSION
Several methods for the methyl esterification of the carboxylic group of sialic acid and their reduc tion have been reported (1-3), but these methods were for the free sialic acid, simple synthetic com pounds, or oligosaccharides, and not for ganglio sides, except the papers of McDonald et a!. (4) and Gross et al. (19) . The methods described in this paper present simple, rapid, and quantitative methods for the modification of gangliosides. These modifications of gangliosides are powerful tools for the elucidation of the mechanism of the reactivity and biological function of gangliosides, and are also useful for the preparation of various ganglioside derivatives. Several glycolipid con jugates have been reported for the purification of anti-sera or enzymes and others. In these con jugate preparations, protection of the carboxyl group is necessary to prevent the reaction of this functional group with reagents (17, 18) . Products were identified by TLC, IR, sugar analysis, and secondary ion mass spectrometry (and also by 500 MHz 1H NMR, Dr. S. Gasa, Hokkaido University, personal communication diffusion, both compounds reacted with cholera toxin, though the reactivities were less by one and two orders of magnitude than the original GM1, respectively.
As the precipitin lines of these compounds were fused but did not fuse with asialo GM, the common recognition site is on the sialic acid skeleton. Although the carboxyl group plays an important role in the binding with cholera toxin, as presented by Wiegandt et al. (20) , the other part of the sialic acid also contributes to the binding to some extent.
